Introduction {#section1-1533033819846638}
============

Bladder cancer is a common malignancy of the genitourinary system.^[@bibr1-1533033819846638]^ Bladder cancer is the fourth most commonly diagnosed cancer^[@bibr2-1533033819846638]^ found among males and is nearly 5 times more common in male than female patients worldwide.^[@bibr3-1533033819846638]^ Given its high morbidity and mortality, bladder cancer has received a great amount of attention recently. Despite a variety of effective treatments, such as operation, iatrochemistry, and radiation treatment, for patients with bladder cancer, the 5-year cancer-specific survival rate remains fairly low.^[@bibr4-1533033819846638][@bibr5-1533033819846638][@bibr6-1533033819846638]-[@bibr7-1533033819846638]^ Moreover, profound insight into the etiology of bladder cancer is lacking and its pathogenic mechanism has become one of the most vital reasons for its high-fatality rate.^[@bibr4-1533033819846638]^ Thus, there is an urgent need for developing a more effective therapeutic target for bladder cancer.

Long noncoding RNAs (LncRNAs) are transcripts (\>200 nucleotides) that have not been translated into proteins. Long noncoding RNAs function as carcinogens or tumor suppressors and play a central part in the progression of malignancies.^[@bibr8-1533033819846638]^ Furthermore, with the rapid development of second-generation sequencing technology, dysregulation of a wide range of lncRNAs has been found to be implicated in proliferation, chemoresistance, metastasis, and other pathological stages of different human diseases,^[@bibr9-1533033819846638]^ particularly in cancers.^[@bibr10-1533033819846638]^ For instance, using small interfering RNAs, the lncRNA AATBC was revealed to induce intrinsic apoptosis in bladder cancer cells.^[@bibr11-1533033819846638]^ Li *et al* found that knockdown of the lncRNA GHET1 suppressed the growth and invasion of bladder cancer cells *in vitro*.^[@bibr12-1533033819846638]^ In addition, Xue *et al* reported that the lncRNA UCA1 played a crucial role in regulating the invasion of the 5637 bladder cancer cell line.^[@bibr13-1533033819846638]^ Moreover, it was demonstrated that knockdown of lncRNA prostrate androgen-regulated transcript-1 (PART1) was an effective therapy in inducing apoptosis of prostate cancer cells.^[@bibr11-1533033819846638]^

The lncRNA PART1, namely, PART1, is regarded as a novel androgen-responsive gene.^[@bibr14-1533033819846638]^ Prostrate androgen-regulated transcript-1 is highly expressed in the prostate and is regulated by androgens in human prostate cancer cells.^[@bibr15-1533033819846638]^ Additionally, it was reported that PART1 might be a new-found prostatic cancer biomarker that is dependent on androgenic hormones.^[@bibr16-1533033819846638]^ However, the expression and physiologic function of PART1 in urinary bladder tumors has yet to be clarified.

In the present study, we observed that PART1 was upregulated in bladder cancer. Moreover, we found that overexpression of PART1 increased cell viability and invasion and diminished the rate of cell apoptosis; however, depleted PART1 suppressed cell growth and invasion and promoted cell apoptosis. Taken together, our findings demonstrated that PART1 might play a crucial role in promoting the tumorigenesis and progression of urinary bladder cancer through the regulation of proliferation, invasion, and apoptosis.

Materials and Methods {#section2-1533033819846638}
=====================

Tissue Samples {#section3-1533033819846638}
--------------

Thirty bladder cancer samples and matched adjacent normal bladder tissues were obtained from patients who experienced surgical resection of primary bladder cancer at The First Affiliated Hospital of Nanjing Medical University (Nanjing, China). The diagnosis of all specimens was based on histopathological examination by the experienced pathologists of The First Affiliated Hospital of Nanjing Medical University. The tissues were obtained before chemotherapy, radiation therapy, or any other treatments for tumors. Upon removal of the surgical specimen, each sample was frozen in liquid nitrogen directly and stored at −80°C before being used for RNA isolation and quantitative reverse transcription-polymerase chain reaction (qRT-PCR) analysis. This study was undertaken with approval from the Ethics Committee (approval no. 2018-SRFA-176) of The First Affiliated Hospital of Nanjing Medical University (Nanjing, China) and was performed in accordance with the Declaration of Helsinki (2008) of the World Medical Association. All individual participants of the study provided their written informed consent.

Cell Culture {#section4-1533033819846638}
------------

Human bladder cancer cell lines (5637, T24) were purchased from the BeNa Culture Collection (Beijing, China). The RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS) was used to culture the 5637 and T24 cells, and the cells were cultured in incubator under humidified conditions with 5% CO~2~ at 37°C.

RNA Extraction and Microarray Experiments {#section5-1533033819846638}
-----------------------------------------

Total RNA from 9 bladder cancer tissues and 5 normal tissue specimens was extracted by the RNeasy Mini Kit (QIAGEN, Duesseldorf, Germany) with the RNase-Free DNase Set (QIAGEN), then were mixed and labeled with a spike in the control RNA, the Low Input Quick Amp Labeling Kit, and the One-color kit respectively according to the protocols from the kits. Each slide was hybridized with cyanine 3-CTP using the Gene Expression Hybridization Kit. After hybridization, slides were washed with the Gene Expression Wash Buffer Kit following the instructions from the manufacturer. Microarray slides were scanned by a High Resolution Microarray Scanner C. All the kits were purchased from Agilent Technologies (Santa Clara, California). The obtained array images were examined via the Agilent Feature Extraction software (version 12.0.3.2). Quantile normalization and successive data manipulation were conducted through the Gene Spring Software 11.5 (Agilent Technologies).

Microarray Analysis {#section6-1533033819846638}
-------------------

GSE100926 was downloaded from the GEO website (<https://www.ncbi.nlm.nih.gov/geo/>). GSE100926 contained 6 bladder samples with 3 bladder cancer tissues and 3 normal tissues. Processing of gene expression data was carried out using the Limma package in the R software. Data in each array were normalized using the quantile normalization procedure. Our experiment was divided into 2 groups. We applied a *t* test in order to filter the differentially expressed lncRNAs in bladder cancer. Long noncoding RNAs in GSE100926 were considered as significantly different if they meet the conditions of having a *P* value \<.05 (Benjamini-Hochberg method) and \|log~2~FC\| \> 1.

Quantitative Reverse Transcription-Polymerase Chain Reaction {#section7-1533033819846638}
------------------------------------------------------------

Total RNA in cell lines and tissue samples was extracted using TRIzol reagent (Invitrogen, Carlsbad, California). First-strand complementary DNA (cDNA) was transcribed using SYBR Green Master Mix Applied Biosystems (Thermo Fisher Scientific, Waltham, Massachusetts). After reverse transcription of the total RNA, PCR amplification was conducted for 40 cycles of 94°C for 30 seconds, 60°C for 30 seconds, and 72°C for 30 seconds to examine the expression of PART1 using SYBR Green PCR Master Mix (Roche, Basel, Switzerland) on a Light Cycler 480 Real-Time PCR instrument (Roche). glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control. In addition, relative quantitative expression of PART1 was determined using the 2^−ΔΔ^ *^C^* ^T^ method.

Cell Transfection {#section8-1533033819846638}
-----------------

To construct the PART1 overexpressed plasmid, the full-length cDNA (GenBank accession: NR_024617.1, 2495 bp) was cloned into the pcDNA3.1 vector (GenePharma, Shanghai, China) and termed as pcDNA3.1-PART1. In addition, shRNA that specifically targeted PART1 was cloned into the pCMV vector (GenePharma) and termed as pCMV-shPART1. One day prior to transfection, 5637 or T24 cells were seeded in 6 well plates and transfected with pcDNA3.1-PART1 or pCMV-shPART1 plasmid using Lipofectamine 3000 Reagent (Life Technologies, Gaithersburg, Maryland) according to the manufacturer's manuals. Cells were cultured in an incubator with 5% CO~2~ at 37°C. After incubating for 48 hours, cells were lysed with the TRIzol LS Reagent (Invitrogen) directly. The expression level of PART1 was determined by qRT-PCR.

Cell Proliferation and Apoptosis Assay {#section9-1533033819846638}
--------------------------------------

Cells were seeded in 96-well plates at 3000 viable cells/well. At 24 hours, 48 hours, 72 hours, and 96 hours, 10 µL of cell counting kit-8 (CCK-8) solution (Beyotime Biotechnology, Shanghai, China) was added to each well, and the plate was incubated for an additional 4 hours at 37°C. A microplate reader was used to evaluate the absorbance at 450 nm. The experiment was carried out in 6 replicates.

After 24-hour transfection, cells were detached using trypsin, collected by centrifugation at 15 00 rpm for 5 minutes and incubated with 250 µL Annexin V binding buffer and 10 µL freshly prepared Annexin V/propidium iodide (PI) reagent (Beyotime); the reaction was completed in the dark at room temperature for 15 minutes. Finally, samples were analyzed within 30 minutes on a FACScan flow cytometer (Becton Dickin-son, Mountain View, California). In addition, FlowJo version 6.0 was used to analyze the apoptosis rate of cells.

Cell Invasion Assay {#section10-1533033819846638}
-------------------

Cell invasion assay was enacted within a 24-well chamber containing a membrane with an 8 µm pore size Matrigel coat (Corning Incorporated, Corning, New York). After transfection with either pcDNA3.1-PART1 or pcMV-PART1, 5637 or T24 cells were resuspended in serum-free medium and concentrated to 1 × 10^5^ cells/mL, respectively. Then, 200 µL cell suspension was transferred to the upper chamber, and the bottom chamber was filled with 500 µL culture medium supplemented with 10% FBS. After 12 hours, the cells did not invade remained on the upper membrane surface and were separated with a cotton tip, and the cells that gone through the filter were fixed and stained with 0.1% crystal violet. Invaded cells were counted under a light microscope (Nikon, Tokyo, Japan).

Statistical Analysis {#section11-1533033819846638}
--------------------

Statistical analysis was evaluated using GraphPad Prism version 6.0 software (La Jolla, California). The difference between bladder cancer tissues and adjacent cancer tissues was analyzed with Student *t* test. Cell counting kit-8 assay data were analyzed by analysis of variance, and independent samples *t* test was utilized to analyze other data. Values of *P* \< .05 were considered statistically significant.

Results {#section12-1533033819846638}
=======

Long Noncoding RNAs PART1 was Upregulated in Bladder Cancer {#section13-1533033819846638}
-----------------------------------------------------------

We first investigated the expression pattern (\|fold changes\| \> 2 and *P* \< .05) of lncRNAs in bladder cancer tissues and adjacent normal tissues obtained from 30 specimens by the microarray assay. Then, 10 highly expressed lncRNAs and 10 lowly expressed lncRNAs in urinary tumor tissues were screened. We determined that lncRNA PART1 was overexpressed in bladder tissues compared to the para-carcinoma normal tissues ([Figure 1A](#fig1-1533033819846638){ref-type="fig"}). In addition, the public databases of GEO (<https://www.ncbi.nlm.nih.gov/geo/>; GSE100926) were used to confirm that the differential expression of PART1 is reproducible. Long noncoding RNAs PART1 was highly expressed in bladder cancer tissues in GSE100926 ([Figure 1B](#fig1-1533033819846638){ref-type="fig"}). Quantitative reverse transcription-polymerase chain reaction was used to measure PART1 expression levels in a total of 30 bladder cancer specimens. Long noncoding RNAs PART1 was significantly overexpressed in clinical bladder cancer specimens compared to adjacent normal tissues ([Figure 1C](#fig1-1533033819846638){ref-type="fig"}).

![The long noncoding RNA PART1 is overexpressed in bladder cancer. (A) The heatmap represents unsupervised hierarchical clustering of lncRNA expression in bladder cancer tissues compared with adjacent nontumor tissues. Each column represents the indicated tissue sample, and each row indicates one lncRNA. The red color scale represents higher expression levels, and the blue color scale represents lower expression levels. (B) The heatmap of the 20 differentially expressed lncRNAs from the GEO microarray GSE100926. PART1 is upregulated in bladder cancer (\|fold changes\|\>2, p.value\<0.05). The red color scale represents higher expression levels, and the green color scale represents lower expression levels. (C) The relative PART1 expression levels were determined using qRT-PCR in 30 samples of bladder cancer tissues. PART1 is upregulated in bladder cancer tissues. (\*\*\*p\<0.001). lncRNAs indicates long noncoding RNAs](10.1177_1533033819846638-fig1){#fig1-1533033819846638}

Prostrate Androgen-Regulated Transcript-1 Enhanced Cell Proliferation in Bladder Cancer {#section14-1533033819846638}
---------------------------------------------------------------------------------------

Specific plasmid vectors were used to interfere with the expression of PART1. Bladder cancer cell lines 5637 and T24 were cultured and transfected with pcDNA3.1-PART1, pCMV-shPART1 or negative control (NC). After 48 hours from the transfection, the relative PART1 expression levels were analyzed by qRT-PCR, and the results demonstrated that pcDNA-PART1 significantly enhanced the expression of PART1, while pCMV-shPART1 silenced the expression of PART1 ([Figure 2A and C](#fig2-1533033819846638){ref-type="fig"}). To further examine the potential impact of PART1 on the development of bladder cancer cells, the cell proliferation of 5637 and T24 cells was assessed by the CCK-8 assay. The results suggested that pcDNA3.1-PART1 markedly enhanced cell growth, whereas pCMV-shPART1 significantly reduced cell viability in bladder cancer cells ([Figure 2B and D](#fig2-1533033819846638){ref-type="fig"}). These data implied that the bladder cancer cell proliferation ability was greatly repressed by downregulated PART1.

![PART1 downregulation inhibits bladder cancer cell proliferation. (A and C) qRT-PCR was conducted to evaluate the relative expression of PART1 in 5637 (A) and T24 (C) cells after transfection. (B and D) The CCK-8 assay was used to investigate the effects of altered the expression of PART1 on 5637 (B) and T24 (D) cell proliferation. The results are expressed as the means ± SD for 4 replicate experiments. (\*p\<0.05 vs. NC group). CCK-8, cell counting kit-8](10.1177_1533033819846638-fig2){#fig2-1533033819846638}

Overexpressed PART1 Suppressed Cell Apoptosis in Bladder Cancer Cells {#section15-1533033819846638}
---------------------------------------------------------------------

Furthermore, we investigated the effect of PART1 on cell apoptosis in bladder cancer. Annexin V-FITC/PI flow cytometry was performed to measure the cell apoptosis in 5637 and T24 cells. As shown in [Figure 3A and B](#fig3-1533033819846638){ref-type="fig"}, the percentage of 5637 cells apoptosis in the pcDNA3.1-PART1 group was lower than that in the NC group. Additionally, the proportion of apoptotic 5637 cells in the pCMV-shPART1 group was markedly enhanced compared to that in the NC group. Furthermore, we had the same results in theT24 cells. The apoptosis rate of T24 cells in the pcDNA3.1-PART1 group was reduced compared to the NC group. Moreover, the apoptosis rate of T24 cells in the pCMV-shPART1 group was significantly increased compared to that in the NC group ([Figure 3C and D](#fig3-1533033819846638){ref-type="fig"}). The results suggested that the downregulated PART1 causes cells apoptosis in bladder cancer cells. There were no significant differences between the control and NC groups.

![Knockdown of lncRNA PART1-induced apoptosis in bladder cancer cells. (A and C) Apoptosis in 5637 (A) and T24 (C) cells was determined by Annexin V-FITC/PI flow cytometry. (B and D) The total proportion of apoptotic 5637 (B) and T24 (D) cells (Q2 + Q3) is shown. Data are shown as the mean ± SD. (\*p\<0.05 vs. NC group). PI, propidium iodide.](10.1177_1533033819846638-fig3){#fig3-1533033819846638}

Downregulation of PART1 Attenuates Invasive Properties of Bladder Cancer Cells {#section16-1533033819846638}
------------------------------------------------------------------------------

The effects of lncRNA PART1 on the invasive capacities of bladder cancer cells (5637, T24) were further analyzed. Transwell assay was applied to detect the invasive capacities of 5637 and T24 cells. The results showed that the invasive capacities of 5637 ([Figure 4A and B](#fig4-1533033819846638){ref-type="fig"}) and T24 ([Figure 4C and D](#fig4-1533033819846638){ref-type="fig"}) cells in the overexpressed lncRNA PART1 groups were markedly higher than those in the NC group at 12 hours. However, traversed cells that invaded through the Matrigel membrane in the PART1 reduced groups were reduced relative to those in the NC groups. The findings demonstrated that the knockdown of PART1 in bladder cancer cells significantly attenuated the cell invasive properties.

![Downregulated PART1 reduces invasion of bladder cancer cells. Invasion of bladder cancer cells in the Matrigel matrix was measured in a Transwell system. Both 5637 and T24 cells were transfected with pcDNA3.1 plus pCMV (NC), pcDNA3.1-PART1 and pCMV-shPART1. Then, 12 h after seeding on the matrix, invaded 5637 and T24 cells were counted. (A and C) 5637 (A) and T24 (C) cells that grew through the matrix were visualized under a light microscope (200 × magnification). (B and D) The numbers of 5637 (B) and T24 (D) cells that grew through the Matrigel were counted. The bar shows the mean ± SD. (\*p\<0.05 vs. NC group).](10.1177_1533033819846638-fig4){#fig4-1533033819846638}

Discussion {#section17-1533033819846638}
==========

Bladder cancer is a common death-related malignancy worldwide.^[@bibr2-1533033819846638],[@bibr17-1533033819846638]^ Currently, chemoradiotherapy as well as surgical procedures are the main approaches for treating bladder cancer. Even though the current treatment methods can prolong the lifespan of patients, the prognosis for bladder cancer remains poor.^[@bibr5-1533033819846638][@bibr6-1533033819846638]-[@bibr7-1533033819846638]^ Therefore, the development of specific therapeutic targets and identification of a diagnostic and/or prognostic biomarkers for bladder cancer are needed. The initiation and progression of bladder cancer is a complicated process. Recently, lncRNAs were widely identified to play crucial roles in various diseases. For instance, MALAT1 promotes gastric cancer progression by regulating the expression of Gli2 through sponging miR-202.^[@bibr18-1533033819846638]^ Furthermore, lncRNA FTH1P3 regulates the expression of fizzled 5 by miR-224-5p to strengthen oral cancer cell progression.^[@bibr19-1533033819846638]^ More importantly, several lncRNAs, such as CALML3-AS1, LINC00641, and SNHG16, are involved in bladder cancer progression.^[@bibr20-1533033819846638][@bibr21-1533033819846638]-[@bibr22-1533033819846638]^

In this study, we focused on the lncRNA PART1, a novel oncogene lncRNA in several cancers. Sun *et al*. reported that lncRNA PART1 was upregulated and enhanced TLR pathways, including TLR3, TNFSF10 and CXCL13, to promote cell proliferation in prostate cancer cells.^[@bibr23-1533033819846638]^ Moreover, a recent study showed that patients with esophageal squamous cell carcinoma have an enhanced expression of the lncRNA PART1, which induces gefitinib resistance.^[@bibr24-1533033819846638]^ These findings prompted us to investigate the expression and function of lncRNA PART1 in bladder cancer. In agreement with our expectation, we observed that lncRNA PART1 was overexpressed in bladder cancer tissues and cells, and these findings suggests that lncRNA PART1 may be an oncogenic player for bladder cancer.

After validating the expression of PART1 in bladder cancer, we performed a series of experiments to explore the biological activities that PART1 plays in bladder cancer cells. Gain- and loss-of-function assays were performed on 5637 and T24 cells. One of the most common characteristics of cancer is uncontrolled cell growth. In the current study, we measured the change in cell proliferation after silencing PART1 expression using CCK-8 assays. The results showed that silencing PART1 dramatically attenuated cell proliferation in the 5637 and T24 cells. We performed flow cytometric analyses to evaluate whether the promotion of cell apoptosis contributed to the antiproliferative effect of pcMV-shPART1. Data from apoptotic analysis demonstrated that cell apoptosis increased after PART1 downregulation. Additionally, we evaluated the alteration of invasive capacities of bladder cancer cells induced by overexpression or knockdown of PART1. As a result, we found that PART1 had an enhanced metastatic property. Knockdown of PART1 inhibited cells invasion significantly. This is the first study to determine the function of PART1 in bladder carcinoma. However, the possible targets and mechanisms underlying the regulatory actions of PART1 in bladder cancer need to be elucidated in future studies.

Conclusions {#section18-1533033819846638}
===========

In conclusion, we identified that the knockdown of PART1 was implicated in the inhibition of cell proliferation, the induction of apoptosis, and the suppression of cell invasion in bladder cancer. In addition, this study extends our knowledge on the oncogenesis of bladder cancer and reveals the biological function of PART1 in urinary bladder cancer and its potential as a new molecular target for bladder cancer therapy.
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